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location to the stimulus generator 

(57) A medical device system such as a pacemaker 
system is provided wherein pressure signals represent- 
ative of a patient's cardiac movements are transmitted 
through a pacing lead to the pacemaker, where they are 
sensed and utilized for control of pacemaker operation. 
In a preferred embodiment, the invention utilizes a 
standard pacing lead, which may already be m i place 
within the patient, the lead having a lumen through 
which relative pressure signals are transmitted from the 
patient's heart to the proximal end of the lead. The prox- 
imal end of the lead is connected to a pressure sensor, 
mounted either in the pacemaker header portion or 
within the hermetically sealed pacemaker can. The sen- 
sor signals are coupled to appropriate processing cir- 
cuitry and are used for control of one or more pacing 
parameters, such as pacing rate. In a first embodiment 
the pressure sensor is mounted within the pacemaker 
header portion, and the electrical sensor signals are 
connected through an electrical feed-^roughto the 
interior of the pacemaker can. In a second embodiment, 
the sensor signals are passed through a capillary feed- 
through from the proximal end of the lead which is 
secured in the header portion, to the interior of the 
pacemaker can where the pressure sensor is mounted; 
the capillary feed-through may also conduct sensed 
heart signals from the proximal end of the lead to within 
the pacemaker. 
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Description 

FIR n QF™ 5 INVENTION 

This invention relates to the field of implantable 
medical devices and. more particularly, to a pacemaker 
system having a pacemaker which contains a pressure 
sensor in combination with a pacing lead which con- 
nects stimulus pulses to the patient's heart and which is 
operatively connected to the pacemaker so as to trans- 
mit cardiac pressure signals to the pressure sensor. 



Ri ^fiROtlND ™ ™r INVENTION 

In the area of implantable medical devices, there 
has been a substantial effort to develop sensors for 
obtaining information from a body organ such as the 
heart, or relating to a body function such as respiration. 
For these purposes, catheters and leads have been 
widely used with medical devices, both external and 
implantable, including pacemakers, cardioverter/defi- 
brillators drug dispensers, cardiac monitors, and a vari- 
ety of different types of stimulators. The common 
system arrangement is to have one or more catheters, 
or leads which interconnect the device with the body 
organ or body location. The terms catheter and lead are 
used interchangeably here; as used in this specification, 
either a lead or catheter connects the device to the body 
location so as to transmit electrical signals between its 
distal end and the device, and/or pressure or other sig- 
nals from the body location to the device. A pacing lead 
for example, may include one or more electrodes at 
about its distal end. and a conductor running the length 
of the lead to transmit stimulus pulses to the heart and 
conduct heart signals back to the pacemaker. It is also 
known to have sensors incorporated into the lead for 
sensing parameters for operational and diagnostic use. 
with additional conductors connecting the sensor sig- 
nals back to the proximal end of the lead/catheter, for 
connection to the pacemaker or other device. In addition 
to sensing cardiac electrical activity, sensors are used 
for sensing, eg. Wood pressure waves, acoustic waves, 
respiratory sounds, etc. Thus, for a wide variety of appli- 
cations there is a need for eff icient transmission of sig- 
nals from a body location to an implanted device. 
Although this invention embraces various such applica- 
tions, it will be illustrated primarily in the environment of 
the preferred embodiment, a pacemaker system. 

Modern pacemaker systems have evolved greatly 
beyond the initial pacemakers which simply delivered a 
fixed rate of pacing pulses. Pacemakers are widely pro- 
grammable to operate in different modes and to operate 
with different pacing parameters. Specifically, many 
pacemakers are rate responsive, meaning that they 
automatically sense the patient's demand, or need for 
rate variation, and adjust pacing rate accordingly. Pace- 
maker systems are also incorporating more sensor 
information relating to the patient's metabolic needs and 
cardiac history. The ability of the pacemaker to under- 



take additional diagnostic functions, and to accurately 
adapt pacemaker performance to metabolic needs, is 
dependent upon good sensor information. 

As is well known, rate responsive or rate adaptive 
5 pacemakers may utilize anyone of a number of different 
sensors for obtaining different physiologically based sig- 
nals Sensors that provide an indication of actual heart 
performance are coming into greater use. For example, 
sensors are used fa measuring the pressure inside the 
w patient's right ventricle, irttrarnyocardial pressure or 
myocardial contractility. Sensing pressure within the 
patient's heart is known to offer good potential for accu- 
rate determination of the patient's needs. See U.S. Pat- 
ent No 5 353.800. assigned to Medtronic. Inc.. which 
« provides a discussion of the many different types of 
pressure sensors used in cardiac pacing systems. 

As discussed in the prior art. the approach to meas- 
uring pressure changes within the heart has generally 
involved special leads adapted to carry a sensor which 
20 is located within the heart. Thus, a pressure sensor is 
located on the pacing lead close to the distal tip end. 
preferably positioned to maximize the sensor response 
Such a lead requires extra wires throughout the length 
of the lead, for interconnection of the sensor signal to 
25 the pacemaker. Further, packaging a sensor in a lead 
tip. while maintaining the requisite minimal lead Dimen- 
sions presents considerable difficulty. Thus, it would be 
advantageous, both for newly implanted pacing sys- 
tems and for replacement systems, to provide the pace- 
30 maker itself with one or more pressure sensors which 
receive pressure signals representative of cardiac 
movement, which signals are transmitted through a 
standard pacing lead and delivered to the pacemaker- 
mounted sensor. Such an arrangement, as presented 
35 by this invention, renders unnecessary any special lead 
construction, and by-passes the problems of fabricating 
a sensor on the lead and properly positioning the sen- 
sor within the heart. Further, for a patient requiring 
pacemaker, or pulse generator replacement, and 
40 already having a standard lead, it would clearly be 
advantageous to be able to replace the pacemaker with 
one which contains apparatus for reliably receding a 
pressure signal transmitted through the implanted pac- 

45 'There have been some prior art efforts to provide 
an implantable system with a catheter or lead which 
transmits a pressure signal from a body location such 
as the heart back to the control device, eg. the pace- 
maker. See. for example. U.S. Patents No. 4,763.646 to 
so Lekholm. and 5.353.800 to Polmdort et al. These pat- 
ents provide suggestions of transmitting pressure sig- 
nals to the interior of a pacemaker can. but do not 
disclose efficient structure for achieving this. There thus 
remains a significant need in the implantable device art 
55 and the pacemaker art in particular, for a system which 
provides for reliable and useful chronic transmission of 
signals such as pressure signals from an interior body 
location to the implanted device. 
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ing in or around the heart can be obtained. 



Accordingly, it is an object of this invention to pro- 
vide an implantable medical device system, and parte- 
ulariy a pacemaker system, which achieves reliable and 
efficient transmission and coupling of pressure signals 
from a body location such as the heart to an implanted 
device such as a pacemaker, whereby accurate infor- 
mation can be obtained from such pressure signds 

The preferred embodiment of the present invention 
provides a pacing system which meets the object of uti- 
lizing a pressure sensor positioned in the implantable 
pacemaker, as contrasted to a system having a pres- 
sure sensor fabricated within the lead portion which is 
positioned in the patient's heart. The invention provides 
foTutilizing relative pressure signals which are transmu- 
ted from the patient's heart through the lumen of a 
standard pacing lead, or any other pacing lead. wh.ch 
signals are communicated to a pressure sensor 
mounted either within the pacemaker connector Week, 
or within the encapsulated pacemaker can. By this 
arrangement, the pacemaker-mounted sensor recerves 
detectable pressure variations representative of heart 
movement, i.e.. contraction and relaxation, and is able 
to transform such relative pressure signals into parame- 
ter signals fa use in controlling a pacemaker operating 
variable such as pacing rate. The system may employ a 
second reference sensor, and may employ plural 
lead/catheters for transmitting the pressure signals to 
the implanted device. 

Accordingly, there is provided a pacemaker system 
having a standard pacing lead with a central lumen, the 
pacing lead having a distal end which is inserted into 
the patient's heart, and a proximal end which .s con- 
nected to the implanted pacemaker at the ^maker 
connector block. The physical movement of the heart 
produces pressure changes in the outer wall or casing 
of the lead distal portion, which relative changes are 
transmitted to the interior lumen, and through the length 
of the lumen to the proximal end of the lead. In a first 
embodiment of the invention, a pressure ^sducens 
positioned within the header, or connector block, at a 
distance from the lumen opening at the proximal end of 
the lead such that the relative pressure signals are 
effectively conveyed to the pressure sensor. Output sig- 
nals from the pressure sensor are connected through 
an appropriate feed-through to the pacemaker, which 
usesthe signals for any desired application, including 
pacing rate control and collection of diagnostic informa- 
tion m another embodiment, the pressure sensor is 
mounted within the hermetically sealed pacemaker can 
and the relative pressure variations transmitted through 
the lead lumen are further transmitted through a feed- 
through which interconnects the proximal lumen open- 
ing and the pressure sensor. The system of this inven- 
tion is adaptable for providing a replacement 
pacemaker which can be implanted in any patient hav- 
ing a standard pacing lead or leads with a lumen 
whereby the benefit of using pressure signals onginat- 



BJIEE ASCRIPTION OF THE DRAWINGS 



Fig 1 is a diagrammatic perspective of a pacing 
system in accordance with this invention, having an 
implantable pacemaker interconnected with a pacing 
lead, the distal portion of the pacing lead being inserted 
in the patient's heart. 
,o fig. 2 is a detailed diagram representative of a ftrrt 
embodiment having a pressure transducer mounted 
within in a cavity within the header portxjn of the pace- 

IBal Ra 3 is a detailed diagram illustrating another 
, 5 embodiment wherein the pressure signal from the lead 
is connected through a feed-through from the header 
portion to a pressure sensor mounted within the pace- 

Figgis a block diagram illustrating the primary por- 
20 tions of the pacemaker in accordance with this inven- 
tion, and the interconnection of the pacing lead to the 

pacemaker. Qrvi 
Fig 5 is a flow diagram representing the primary 
processing steps taken to utilize the pressure signal 
25 data obtained in accordance with this invention. 
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3 , Referring now to Fig. 1 . there is shown an illustra- 
tion of a pacemaker system in accordance with this 
invention, comprising generally a pacemaker 28 and a 
lead 34 The pacemaker 28 has a can. or container 30 
which houses the pacemaker electronics, and a header 
35 or connector portion 32. sometimes also referred o as 
the connector assembly. The can 30 provides a hermet- 
ically sealed container for protection of the pulse gener- 
ator and other electronics contained therein from body 
fluids. The connector assembly 32 provides the 
40 mechanical and electrical connection between the 
pacemaker and the lead, in a well-known fashion Ref- 
erence is made to U.S. Patents Nos. 5.188 078 
5 312 441 ' and 5,342.406 all incorporated herein by rel- 
iance which disclose the structure of a connector 
45 assembly together with an implantable pulse generator 
or an implantable pacemaker - cardioverter - def.br.lla- 

Lead 34 is shown as having a tip electrode 35 at 
about its distal end 35E. which appropriately is inserted 
50 into the apex of the right ventricle. Although only a sin- 
gle unipolar lead is shown, it is to be understood ithat 
k invention can be practiced with a single chamber 
lead or dual chamber leads, and the leads can be unipo- 
lar or bipolar. The lead has a proximal end 36. which is 
« inserted into opening or bore 31 formed m emctar 
housing 33, suitably composed of uncolored, transpar- 
ent e poxy. There is illustrated a first connector block 3b 
which is used for making electrical contact with a con- 
ductor which extends to the ring electrode of a bipolar 
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lead and second connector block 39 for making electri- 
cal contact with a conductor that extends to the tip elec- 
trode. The connector blocks may have a screw for 
fixation of the inserted lead, or a lead retainer compris- 
ing a spring contact. There is also illustrated a pressure 
transducer 44, located to receive pressure signals com- 
municated through the lumen of lead 34, and a feed- 
through element 45 for feeding the electrical signals 
from sensor 44 through to the interior of the pacemaker. 
As used herein, the term standard pacing lead refers to 
one which has a central lumen, e.g. , one through which 
a stylet may be inserted during the implantation proce- 
dure, and has conventional distal and proximal ends. 

Referring now to Fig. 2. there is illustrated the 
details of the proximal end 36 of the lead, and its place- 
ment relative to a pressure transducer 44. The lead has 
an inner lumen 37. typically centrally located within a 
coil which runs the length of the lead, the co,l providing 
electrical interconnections between the proximal end 
and the distal electrode or electrodes. Lumen 37 opens 
at 43. the opening being a size to receive a stylet. Open- 
ing 43 opens into a cavity 66. provided in the header 
portion. A pressure sensor element 44 is mounted in 
close proximity to the lumen opening 43. In practice, it is 
Important to make the cavity as small as possible, so as 
to have good transmission matching of the lumen to the 
cavity. The volume of this cavity, or chamber, adds to the 
volume of the lumen, such that the larger this cavity the 
smaller the available pressure change; the cav.ty vol- 
ume is preferably significantly smaller than the volume 
of the lumen. For a lead with a lumen volume in the 
range of 110-140 mm 3 , a cavity volume which is only 
10% as large would be about 14 mm 3 . The pressure 
sensor element is constructed from two layers, namely 
a silicon back plate 65 and a silicon diaphragm 68, 
which are sealed together. The cavity inside this con- 
struction is evacuated, to create an absolute pressure 
sensor In this embodiment, the output of the sensor is 
taken by leads 70 and communicated by a feed-through 
element to the interior of the pacemaker can 30. as dis- 
cussed in more detail in connection with Fig. 4. 

Referring now to Fig. 3. there is shown an alternate 
embodiment, wherein the pressure signal is transmitted 
from the lumen opening 43 through can 30 to trans- 
ducer 50 by a feed-through capillary tube 45 wruch 
feeds through both the can 30 and a ceramic feed- 
through plate 73, as shown. The capillary tube material 
can be an isolator, e.g.. a suitable plastic tube or a 
metal tube for a combined electrical and pressure feed- 
through. The medium within the tube may be simply air, 
or it can be tilled with a suitable gel which transmits the 
pressure signals. The end of feed-through tube 45 
which is within the pacemaker can interfaces directly to 
the sensor element of sensor 50. which in turn is 
mounted within a cavity formed by the feed-through 
plate 73 and a sealed inner cover 72, as shown. The 
sealed inner cover provides protection against sensor 
membrane damage, and consequent leakage into the 
inside of the pacemaker. The volume within cover 72 is 



evacuated, to avoid any influence of the gas pressure 
within it due to temperature variation. The signal output 
of the sensor is connected through one or more wire 74 
to a hybrid circuit illustrated at 75. 
5 In a specific embodiment of a combined feed- 
through tube 45, a metal tube is utilized to provide both 
the capillary tube for transmitting the pressure signal 
and the electrical connection to the tip electrode. The 
metal tube must be shaped to connect properly to the 
w terminal portion 39 and also interface with the opening 
43 of the lumen. In this embodiment, the ceramic teeo- 
through plate 73 contains a conductor (not shown) to 
pick up the electrical signal from the metal tube and 
couple it to the hybrid circuit. ,. . 

, s Referring now to Fig. 4. there is shown a diagrarn of 
the pacemaker portion of the pacing system of this 
invention. As indicated, the lead 34 has its proximal end 
connected to the pacemaker within the header section 
32 A feed-through 47 is shown for connecting electrical 
20 signals between the lead and the inside of the pace- 
maker can 30. Also, a capillary feed-through 45 is 
shown for connecting pressure signals between the 
lead and a sensor 50 mounted internally to the pace- 
maker. It is to be understood that for the embodiment of 
25 Fig. 2. the feed-through 47 also carries the signals from 
the pressure sensor; while tor the embodiment of Fig. 3 
the feed-through 45 carries the pressure signals 
between the connector block and the inside of the pace- 

^Whether the sensor is mounted within the header 
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32 or within the can 30. the sensor signals are con- 
nected to a sensor signal amplifier 54, and following 
orocessing circuitry 55 which, among other things, fil- 
ters out the DC component On the case of an absolute 
35 pressure sensor) and creates a suitable signal for stor- 
age and use by the microprocessor, as discussed fur- 
ther in connection with Fig. 5. These circuits may be 
part of a hybrid circuit, as illustrated at 75 in Fig. 3. The 
processed sensor signals are connected to a control 
40 block 56. indicated in the drawing of Fig. 4 as including 
a microprocessor. The microprocessor, in a known 
manner in the pacemaker art, generates a number of 
control signals for controlling pace pulse generator 48. 
One of these signals, indicated as rate, is derived in 
45 accordance with this invention from the processed pres- 
sure sensor signals. The output of the pace pulse gen- 
erator is connected through feed-through 47 to the 
pacing lead. The output of the pace pulse generator* 
also connected back to the control circuit, such that the 
so control circuit receives the information when a pace 
pulse has been delivered and also when a signal from 
the heart is transmitted from lead 34 back to the pace- 
maker. Also shown is a diagnostics block 58, suitably 
containing memory for storing diagnostic information, 
55 including information gained from the pressure sensor. 
This information can be used in further control of the 
pacemaker operation, or can be stored tor readout to 
external apparatus, in a known manner. 

It is to be noted that the invention as described 
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does not require any special lead. Thus, anypacing 
lead which has a lumen running the length thereof, as is 
the case for a standard pacing lead adapted to receive 
a stylet is applicable for use in this invention. Tests con- 
taining'a pressure sensor of the type KPY43A have 
been conducted, where an lS-1-type lead has been 
inserted into a header, and pressure changes applied to 
the distal end of the lead. The pressure changes cause 
a compression of the lead tube, which causes a relative 
change of pressure in the lumen. Measurements have 
indicated that a 40 mm Hg pressure change at the distal 
end causes a pressure change in the lumen of approxi- 
mately 0.4 mm Hg. as detected at the proximal end. 

While the invention as disclosed can be used with a 
standard pacing lead, it is also applicable with leads 
which are modified to be more sensitive at specific 
points, and in particular at the distal end. The lead can 
be made more sensitive to pressure changes at the dis- 
tal end i.e.. have a high pressure transfer characteristic, 
or can be modif ied to be more sensitive to conversion of 
bending pressure into relative pressure changes. Even 
though the pressure changes detected are relative, they 
exhibit a morphology which can be processed to pro- 
vide significant information for use in a pacing environ- 
ment, indeed, in dog tests performed using the system 
of this invention, the recorded pressure signal clearly 
showed atrial contractions and ventricular contractions. 
Although the atrial contractions are represented by 
smaller peaks than the ventricular contractions, they 
can be separated, or windowed out so that both P-wave 
and QRS information is available. Thus, the system of 
this invention, using either a standard pacing lead or 
one modified specially for conducting pressure signals 
from the heart, can be used in a dual chamber pacing 
context, and specifically for a VDD mode pacemaker. 
Thus appropriate processing of the pressure s.gnals 
can be performed so that ventricular pacing can be syn- 
chronized with respect to detected atrial contractions 
The pressure signals may also contain other useful 
information concerning respiration, minute ventilation. 

6 C ' Referring now to Fig. 5. there is shown a simplified 
block diagram illustrating the primary steps in electrical 
processing of the analog output from the sensor. At 
block 85. the analog signal is amplified, and then con- 
nected to block 86 for bandpass filtering which is 
adapted to the signals that the system is looking for. As 
noted above, the filtering may include tittering out the 
DC component in the case of an absolute pressure sen- 
sor, although this step need not be done in a system 
that uses relative pressure sensors. Next at block 88, 
the filtered signal is captured by windowing and thresh- 
old detection. After this, the identified portions of the 
signal are converted into digital form and processed tor 
the desired control purposes. e.g. for controlling the 
next ventricular and/or atrial pace pulses. Of course, tor 
a dual chamber pacemaker, there may be two leads 
providing separate atrial and ventricular pressure sig- 
nals The processing step may suitably compare these 



respective signals to attain enhanced atrial and ven- 
tricular signals with minimal crosstalk Alternately, in the 
VDD embodiment, the respective atrial and ventricular 
signals are separated out based upon windowing and 
5 comparative frequency or morphology characteristics of 
the signals. 

It is to be noted that the invention as claimed is not 
limited by the applications to which the pressure data 
obtained by the system may be used, either in a pace- 
to maker or other medical advice environment. By way of 
example only, in the pacemaker environment, pressure 
data may be used to confirm evoked responses, or may 
be used in combination with an activity sensor to 
exclude false senses. The pressure signals may be 
is combined with detected cardiac signals such as the 
QRS and T waves, for either control or diagnostic pur- 
poses. Likewise, EMI detection and rejection may be 
enhanced by utilizing the pressure signals. 



20 Claims 

1. A pacemaker system having a pacemaker for deliv- 
ering pacing pulses and a pacing lead for transmit- 
ting electrical signals between said pacemaker and 
25 a patient's heart, said lead having a distal end 
adapted to be placed in the patient's heart, a proxi- 
mal end, and a lumen throughout its length suitable 
for transmitting pressure variations caused by heart 
activity, said lumen having a proximal opening at its 
3 o proximal end. whereby pressure variations caused 
by said heart activity arise within said lumen and 
are transmitted to said proximal opening, said 
pacemaker having a connector portion for receiving 
the proximal end of said lead, a pressure sensor 
as which produces signals corresponding to said 
transmitted pressure variations, and control means 
operatively connected to said pressure sensor for 
controlling pacemaker operation as a function of 
said transmitted pressure variations, characterized 
40 by: 

coupling means for coupling pressure varia- 
tions between said lumen proximal opening 
and said pressure sensor, sad coupling means 
« having a cavity sized and positioned to receive 

said pressure variations, and mounting means 
for mounting said sensor in said cavity. 

2. The pacemaker system as described in claim 1 . 
50 wherein said lead has a distal portion with a high 

pressure transfer characteristic for enabling transfer 
of cardiac pressure variations into said lead lumen. 

3. The pacemaker system as described in claim 1. 
55 wherein said pacemaker comprises a first sealed 

portion containing a pulse generator and said con- 
trol means, first feed-through means for connecting 
electrical signals between said first portion and said 
connector portion, and second feed-through means 
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for connecting said sensor signals to said control 
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4 The pacemaker system as described in claim 1. 
wherein said pacemaker comprises a first portion 
containing a pulse generator and said control 
means, and wherein said pressure sensor is 
mounted in said first portion. 

5. The pacemaker system as described in claim 4, 
comprising sealing means for sealing said first por- 
tion from entry of body fluids, and wherein sari cou- 
pling means comprises feed-through means tor 
feeding said pressure variations from said proximal 
opening to said sensor. 

6 The pacemaker system as described in claim 1. 
wherein said cavity and said sensor are positioned 
in said connector portion. 

7 The pacemaker system as described in claim 6, 
wherein said cavity has a size that provides an effi- 
cient match to receive said transmitted pressure 
variations. % 

8 The pacemaker system as described in claim 7, 
wherein said lumen has a first volume and said cav- 
ity has a second volume, and said second volume is 
no greater than about 10% of said first volume. 

30 

9 The pacemaker system as described in claim 1, 
wherein said sensor is positioned in a second por- 
tion of said pacemaker. 

10 Thepacemakerasdescribedinclaim9.comprising 35 
a pressure feed-through for connecting said pres- 
sure variations to said sensor. 
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